. BACKGROUND: Touch screen computers require significant arm and hand movements. This can result to body discomfort and biomechanical load in users. OBJECTIVES: This study was carried out to examine posture and users' discomfort while using touch screen device as compared with mouse-keyboard and touch pad-keyboard. METHODS: Twenty three (23) students participated in this experimental study. The subjects completed pre-defined tasks in three 15 min trials by means of touch screen, touch pad-keyboard and mouse-keyboard as input devices. Postural angles were measured by Qualisys motion capture system. Body discomfort was assessed by a 10-cm visual analog scale. Rating scale was employed to assess the perception of subjects on the posture of body parts while utilizing the three devices. RESULTS: There was no significant difference in head inclination when using the three types of devices. Nevertheless, the mean of neck (p = 0.005) and trunk (p < 0.0001) inclinations as well as arm angle (p < 0.0001) while using touch screen, differed significantly from the two other devices and were more deviated from neutral posture. The type of input device was found to have significant effect on the right shoulder (p = 0.017), right elbow (p = 0.031), right wrist/hand (p = 0.004) and whole body discomfort (p = 0.026). Touch screen caused more discomfort in the mentioned regions when compared to the other two devices. Friedman test showed that differences of mean ratings for perceived shoulder and elbow postures in the 3 trials were significant (p = 0.005 and p = 0.011, respectively). Touch screen was the most unfavorable input device based on the subjects' judgment. CONCLUSION: Touch screen caused more deviated postural angles, increased body discomfort and unfavorable postures.
Posture and discomfort assessment in computer users while using touch screen device as compared with mouse-keyboard and touch pad-keyboard 
Introduction
The increasing presence of notebook computers may be the logical solution to the lack of space and high worker density in various work areas. Furthermore, the compact design of notebook computer makes it more attractive than desktop computers [1] . Extended use of conventional computer input devices is associated with negative musculoskeletal outcomes [2] . The technology development and appearance of touch screen device seem to overcome disadvantages of other types of computer input devices with the aim of reducing the physical load imposed by them [3] . Despite low physical demand and energy expenditure during the use of computers, static body posture is the main musculoskeletal risk factor for computer users. Some studies revealed the relevance between static trapezius muscle posture and neck-shoulder disorders [4] [5] [6] [7] [8] . Although the use of computer desktop with touch screen has not yet been wildly raised [6, 8] , the occurrence of musculoskeletal disorders in the neck and upper limb have dramatically increased in recent years as a result of work station design [9] . Touch screen computers require significant arm and hand movement, thus leading to body discomfort and biomechanical load in users. According to a hypothesis in a previous study, as the user's comfort decreases, the head and neck posture lean more while using touch screen [10] .
Given the above, since there are few studies specifically related to the comparison of touch screen with other types of computer input devices from the viewpoint of users' posture and discomfort, the present study was carried out to assess users' posture and discomfort while using touch screen in comparison to two other data entry devices i.e., mouse-keyboard and touch pad-keyboard. It is believed that the results of this study can be an appropriate basis for testing this hypothesis that, using touch screen may deteriorate working postures of different body regions and increases users' discomfort. In addition, this comparison can help in determining which of these computer input devices are to be suggested.
Materials and methods

Subjects
In this experimental study, 23 right-handed students (11 females and 12 males) of Shiraz University of Medical Sciences (SUMS), Shiraz, Iran, with normal eyesight with no history of musculoskeletal disorders participated voluntarily. The study was carried out in accordance with the Helsinki Declaration of 1964 as revised in 2008 [11] . All participants signed an informed consent form prior to the commencement of this study. The study was reviewed and approved by the ethics committee of the Shiraz University of Medical Sciences.
Experiment procedure and conditions
For each subject, the experiment comprised 3 trials performed under controlled laboratory conditions. In each trial, the subjects carried out pre-defined standard tasks (copying and pasting pictures and typing in Word environment and dragging the pictures to the desktop environment) employing one of the three input devices i.e., touch screen, touch pad-keyboard and mouse-keyboard. Each trial lasted 15 min followed by a break of 10 min. To make our study comparable with the previous ones, the task duration was chosen the same as previous studies [9] . The sets of trials were presented in random order to counterbalance the carry-over and order effects of experiments. Before the experiment, each subject was familiarized with the tests and had enough practice working with laptop and learn the tasks and also adjusted her/his workstation (the height of the seat and the distance between the seat and the table). This adjustment was then kept constant during the experiment. Figure 1 illustrates the workstation in which the experiment was conducted. As displayed, the workstation consisted of a table, an adjustable chair and a foot rest in case it was required. An ASUS laptop computer (S300CA) with touch screen (13.3 inches) and a standard mouse were utilized to carry out the tasks. Illumination on the working table was measured to be approximately 250 lux in all 3 trials. Fig. 1 . The experimental workstation.
Measurement of variables
A) Posture measurement was carried out by Qualisys three dimensional (3D) motion capture system based on optical markers, made in Sweden. Reflective polystyrene coated markers were placed at the eye (outer canthus), the ear (tragus), the neck (C7), the hip (greater trochanter), the shoulder (greater tubercle), the elbow (lateral humeral epicondyle), and the wrist (styloid process of ulna) of the subjects (Fig. 2) . The markers were put on the right side of the body, as a result of the dominant role of the right hand among the study subjects. The marker positions were determined via Qualisys system during the pre-defined standard tasks at each trial, and while the subjects were in a neutral posture (sitting upright, symmetric with respect to the sagittal plane, looking straight ahead along the horizontal line, arms hanging down along the trunk, forearms perpendicular to the upper arms). On the basis of the marker positions, the following dependent variables were measured ( the markers at the eye and the ear. A negative value indicates that the head is inclined forwards [11, 12] . -Neck inclination (NI), defined as the angle between the vertical and the line through the markers at the ear and the neck. A negative value implies that the neck is inclined backwards [12, 13] . -Trunk inclination (TI), defined as the angle between the vertical and the line through the markers at the neck and the hip. A negative value indicates that the trunk is inclined backwards [14] . -Arm angle (AA), defined as the angle between the vertical and the line through the markers at the shoulder and the elbow. A negative value indicates arm extension [15] [16] [17] . -Elbow angle (EA), defined as the angle between the line through the markers at the shoulder, the elbow and the line through the markers at the elbow and the wrist [18] [19] [20] .
There were three 15-minute trials for each subject. So, all three trials lasted 45 minutes. In each trial, the subject carried out the pre-defined tasks for 15 minutes. The postural angles were calculated in the first (0-1), middle (7) (8) and the last (14-15) minutes of each trial. The deviation of postural angles from the neutral (reference) posture was employed to compare the results of the 3 trials. Figure 3 illustrates a participant performing the pre-defined tasks at the experimental workstation.
Qualisys motion capture system can capture the angles in three XY, YZ and XZ axes. In this study, the postural angles were measured in sagittal plane (YZ axis). B) Users' perceptions were recorded by a questionnaire containing 2 modules (rating techniques).
-Localized postural discomfort: The subject was asked to rate her/his postural discomfort in 5 body regions including neck, back, shoulders, elbows, and wrist/hand illustrated on a diagram of the rear view of a human body, employing a visual numeric rating scale [11, 21] ranging from 0 (no discomfort) to 9 (very severe discomfort). A written response was given at the end of each trial. An overall dependent variable was also constructed, i.e. postural discomfort of the whole body by summing the resulting scores for all 5 body regions divided by 5. It is believed that this variable provide reliable results for comparison of conditions, such as in the present study [22] . -Perceived posture: The subject was asked to rate her/his perception of the posture of neck, back, right shoulder and right elbow. Soon after the trial, a written response was given on a sevenpoint scale (1 = very favorable, 3 = favorable, 5 = unfavorable, 7 = very unfavorable). For intermediate responses, scores of 2, 4 and 6 were available).
Data analysis
Using Kolmogorov-Smirnov test it was determined that the data were non-parametric. The effects of the input device type on postural variables, in addition to the variables relating to localized postural discomfort were tested by Analysis of Variance (ANOVA) for Repeated Measures. Differences between sets of experimental conditions were tested utilizing pairwise Comparisons Test. The effect of the input device type on perceived posture was examined by Friedman test [23] . Differences between sets of experimental conditions were tested by Wilcoxon analysis [24] . The level of statistical significance in all tests was set at ␣ = 0.05. The data analyses were carried out using SPSS software (Version 19). Table 1 shows some personal details of the participants. Eight subjects (35%) were undergraduates and 15 individuals (65%) were postgraduate students. Two of them were married and 21 of them were single.
Results
Postural variables
The results of postural angles measurement in the 3 experimental conditions are shown in Table 2 . The values presented in this table indicate the average amount of deviation of each postural angle from the neutral posture in the test subjects. Regarding this, in each case, the closer a value to zero, the more appropriate the posture adapted by the subject. Table 3 presents the results of pairwise comparisons between the 3 input devices. showed that the type of input device had a significant effect on trunk inclination (p < 0.001).
Touch screen led to a more deviated trunk posture than the two other input devices. As illustrated in Table 3 , pair wise comparison showed that trunk inclination differed significantly between touch screen and touch pad (p < 0.001) as well as between touch screen and mouse (p < 0.001). In this regards, no significant difference was found between mouse and touch pad. -Arm angle (AA): Analysis of variance showed that the type of input device had a significant effect on arm angle (p < 0.001). Touch screen resulted in a more deviated arm posture than the two other input devices. As illustrated in Table 3 , pairwise comparison indicated that arm angle differed significantly between touch screen and touch pad (p = 0.002) as well as between touch screen and mouse (p = 0.001). No significant difference was found between mouse and touch pad. -Elbow angle (EA): Analysis of variance showed that the type of input device had a significant effect on elbow angle (p < 0.001). Touch screen and mouse led to a more deviated elbow posture than touch pad. As shown in Table 3 , pairwise comparison indicated that elbow angle differed significantly between touch screen and touch pad (p < 0.001) as well as mouse and touch pad (p < 0.001). Regarding this, no significant difference was found between touch screen and mouse. Table 4 presents the results of postural discomfort in the 5 body regions and the whole body in all three trials. Table 5 presents the results of pairwise comparisons between the 3 input devices.
Localized postural discomfort
-Neck and back: Analysis of variance showed that the type of input device had no significant effect on neck and back postural discomfort (p > 0.05). The lowest and the highest discomfort were reported while using mouse and touch screen, respectively. As presented in Table 5 , pairwise comparison showed that right shoulder postural discomfort was significantly higher while using touch screen when compared to that of mouse (p = 0.01). Thus, no significant difference was found between touch screen and touch pad as well as between mouse and touch pad. -Right elbow: Analysis of variance revealed that the type of input device had a significant effect on right elbow postural discomfort (p = 0.031).
The lowest and highest discomfort were reported through the use of mouse and touch screen, respectively. As shown in Table 5 , pair wise comparison indicated that right elbow postural discomfort was significantly higher while using touch screen as compared to those of mouse (p = 0.028) and touch pad (p = 0.03). In this regard, no significant difference was observed between touch screen and touch pad. -Right wrist/hand: Analysis of variance showed that the type of input device had a significant effect on right wrist/hand postural discomfort (p = 0.004). The lowest and the highest discomfort were reported while using mouse and touch screen, respectively. As illustrated in Table 5 , pairwise comparison indicated that right wrist/hand postural discomfort was significantly higher while using touch screen when compared to those of mouse (p = 0.004) and touch pad (p = 0.03). In this regard, no significant difference was found between touch screen and touch pad. -Whole body: Analysis of variance indicated that the type of input device had a significant effect on whole body postural discomfort (p = 0.026). The lowest and the highest discomfort were reported while using mouse and touch screen, respectively. As indicated in Table 5 , pairwise comparison showed that whole body postural discomfort was significantly higher while using touch screen when compared to that of touch pad (p = 0.01). In this regard, no significant difference was found between touch screen and mouse, as well as between mouse and touch pad. Table 6 shows mean ratings for perceived posture of neck, back, right shoulder and right elbow in the three trials. Table 7 presents the results of pairwise comparisons between the 3 input devices.
Perceived posture
The Friedman test revealed that the type of input device had no significant effect on neck and back perceived posture. The Friedman test showed that difference of mean ratings for perceived shoulder and elbow postures in the 3 trials were significant (p = 0.005 and p = 0.011, respectively). Touch screen was reported to be the most unfavorable input device Table 5 Pairwise comparison of postural discomfort between data entry devices (n = 23)
Data entry devices
Body region Right shoulder Right elbow Right wrist/hand Whole body based on the subjects' judgment. As illustrated in Table 7 , Wilcoxon test indicated that difference of right shoulder mean rating was significant between touch pad and touch screen (p = 0.022) as well as between touch screen and mouse (p = 0.004). In this regard, no significant difference was found between touch pad and mouse. In addition, difference of right elbow mean rating was significant between touch pad and mouse (p = 0.038) as well as between touch screen and mouse (p = 0.003). In this regard, no significant difference was found between touch pad and touch screen.
Discussion
This study has resulted in a more detailed knowledge on the users' posture and discomfort while utilizing touch screen when compared to two other data entry devices. In the following paragraphs, significant results are particularly discussed.
Postural variables
The remarkable finding of this part is that different data entry devices induce significantly different neck, trunk and arm postures. Table 2 demonstrates the effects of data entry devices on postural variables except for the head. Among three devices, when touch screen is utilized, neck, trunk and arm get more deviation from neutral posture. This is in line with the results of other studies [1, 5, 9, [25] [26] [27] [28] . The arm is extended significantly more in so as to perform tasks in the touch screen device. This finding is similar to other study results [6, [26] [27] [28] [29] [30] [31] . Our observations showed that touch pad caused more deviated elbow posture. This is in agreement with the findings of Lin et al. study [29] . As the body is a kinematic linkage, the position of hands determines the posture of arm, elbow and trunk. Among data entry devices, mouse is an appropriate compromise device in which the postures of the neck, trunk, arm and elbow do not seem to be severely deviated from neutral posture [27] .
Regarding various data entry devices, as touch screen leads to more inclined neck, trunk and not proper arm posture, the common usage of this device nowadays, is not recommended. However, mouse can be recommended as it is comfortable and affect positively body posture in comparison with the two other devices [27] .
Localized postural discomfort
Among the data entry devices studied, touch screen resulted in higher right shoulder, elbow, wrist/hand and whole body discomfort as compared with the two other devices. This was in line with the results of previous studies in which touch screen use was reported to cause right elbow and wrist/hand high discomfort [6, 26, 27, 29] .
Perceived posture
The results on perceived posture demonstrated that mouse significantly result in a more favored posture in shoulders and elbows. Touch screen is the most unfavorable data entry device based on the subjects' judgment.
Limitations
There were some limitations in this investigation. In this study, short term effects of working with 3 different types of input devises were investigated (15 min trials). The results of the trials may by different in longer experiment time (8) . More reliable results are likely to be achieved by expanding the duration of each experimental session. Additionally, the postural angles were calculated in the first, middle and the last minutes of each trial. While the subjects' posture variations in the pre-defined tasks were limited, but if it were feasible to measure postural angles all through the 15 min trial, more conclusive results might be obtained. Moreover, increasing the number of test subjects may lead to clearer results. Besides that, the task was artificial (typical click and pointing task). Therefore, the results can only be assumed to be valid for this kind of computer task. Finally, if it were possible to record EMG data simultaneously, more reliable conclusions might be drawn.
Conclusion
The results revealed that among three devices, touch screen caused more deviated neck, trunk and arm postures. Additionally, body discomfort assessment demonstrated that touch screen resulted in higher shoulder, elbow, wrist/hand and whole body discomfort as compared with the two other devices. Furthermore, the findings on perceived posture indicated that touch screen was the most unfavorable data entry device based on the subjects' judgment.
Given the above, as a conclusion, it can be collectively declared that the use of touch screen deteriorates working postures of different body regions and increases user's discomfort. Therefore, it cannot be a preferred data entry device.
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